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NEUTRON DETECTION STRUCTURE AND 
METHOD OF FABRICATING 

FIELD 

The present invention relates to a method of fabricating a 
structure for providing sensitive detection capability for neu 
trons, and more particularly, to a neutron detection structure 
capable of implementation in a mass-produced device. 

BACKGROUND 

Large numbers of cargo containers, ships, and planes are 
received at shipping ports, borders, and transportation centers 
each day and each one presents a potential opportunity for 
unauthoriZed delivery of a nuclear device, such as a radio 
logical Weapon (e. g. a small dirty bomb). In addition, smug 
gling of devices out of a location is also a concern in order to 
keep terrorists and other unauthorized entities from obtaining 
such devices. 

While many types of radiation detectors have been devel 
oped, one of the more promising types appears to be a Silicon 
On-Insulator (SOI) Static Random Access Memory (SRAM) 
structure used in conjunction With one or more neutron con 
version layers, such as those doped With boron (e.g. boron 
10). For example, US. Pat. Nos. 6,867,444 and 7,271,389, 
assigned to the United States Navy, set forth tWo such devices 
and are hereby incorporated by reference herein in their 
entireties. HoWever, these devices require substrates With a 
heavily doped buried layer, Which is complicated to prepare 
and process. Post-circuit processing is also made di?icult due 
to the conversion layer being buried in the substrate. 

Therefore, a neutron detection structure that is easily 
manufacturable and utiliZes commercially available SOI 
SRAMs Would be desirable. The structure should alloW for 
unattended detection of neutrons emitted from small nuclear 
devices, for example. 

SUMMARY 

A neutron detection structure built from a Silicon-On 
Insulator memory cell includes a conversion layer for con 
verting incident neutrons into emitted charged particles, a 
device layer for receiving the emitted charged particles, a 
buried oxide layer separating the conversion layer from the 
device layer and directly adjacent to the conversion layer and 
the device layer, an isolation layer, a passivation layer formed 
on the isolation layer opposite the device layer and buried 
oxide layer, and a plurality of conductive contacts to provide 
electrical contact to the device layer. 
A method in accordance With a ?rst embodiment for fab 

ricating such a structure includes temporarily bonding a car 
rier to a passivated SOI SRAM Wafer, removing a ?rst sub 
strate, depositing a conversion layer Where at least a portion 
of the ?rst substrate Was removed, permanently bonding a 
second substrate to the conversion layer With an optional 
adhesive layer, removing the carrier, and providing at least 
one electrical contact to the device layer. 
A method in accordance With a second embodiment for 

fabricating a neutron detection structure includes temporarily 
bonding a carrier to a passivated SOI SRAM Wafer, removing 
a ?rst substrate, depositing a conversion layer onto a second 
substrate forming a coated substrate, permanently bonding 
the coated substrate Where at least a portion of the ?rst sub 
strate Was removed With an optional adhesive layer, removing 
the carrier, and providing at least one electrical contact to the 
device layer. 
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2 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates a passivated device Wafer, according to an 
embodiment of the present invention. 

FIG. 2 illustrates a structure corresponding to the passi 
vated device Wafer at a subsequent state of processing, 
according to an embodiment of the present invention. 

FIG. 3 illustrates the structure of FIG. 2 at a subsequent 
stage of processing, according to an embodiment of the 
present invention. 

FIG. 4 illustrates the structure of FIG. 3 at a subsequent 
stage of processing, according to an embodiment of the 
present invention. 

FIG. 5 illustrates the structure of FIG. 4 at a subsequent 
stage of processing, according to a ?rst embodiment of the 
present invention. 

FIG. 6 illustrates the structure of FIG. 4 at a subsequent 
stage of processing, according to a second embodiment of the 
present invention. 

FIG. 7 illustrates the structure of FIG. 3 at a subsequent 
stage of processing, according to a third embodiment of the 
present invention. 

FIG. 8 illustrates the structure of FIG. 5 at a subsequent 
stage of processing, according to the ?rst embodiment of the 
present invention. 

FIG. 9 illustrates the structure of FIG. 8 at a subsequent 
stage of processing, according to the ?rst embodiment of the 
present invention. 

FIG. 10 illustrates the structure of FIG. 8 at a subsequent 
stage of processing, according to another embodiment of the 
present invention. 

FIG. 11 illustrates a method 1100 for fabricating a neutron 
detection structure in accordance With an embodiment of the 
present invention. 

FIG. 12 illustrates a method 1200 for fabricating a neutron 
detection structure in accordance With an embodiment of the 
present invention. 

DETAILED DESCRIPTION OF PRESENTLY 
PREFERRED EMBODIMENTS 

Introduction 
The embodiments described herein provide sensitive 

detection capabilities for neutrons, one of the decay products 
of the ?ssionable material used in a nuclear device. The 
underlying detection technology is described in further detail 
in US. Pat. Nos. 6,867,444 and 7,271,389, both ofWhich are 
incorporated by reference herein in their entireties. In accor 
dance With the present embodiments, a structure for imple 
menting a proposed neutron detection ?lm stack and a 
method that alloWs for mass-production of the device is set 
forth. 

In general, the device is fabricated from an SOI CMOS 
SRAM circuit con?gured to count alpha-particle induced 
upsets. LoW temperature Wafer bonding, Wafer thinning, and 
back side processing techniques are used to create a ?nished 
device comprising a neutron conversion ?lm sandWiched 
betWeen a thin SRAM device and a substrate. Conductive 
Wires or bumps can be used to connect the device to package 
leads. 
A method, according to a ?rst embodiment, for fabricating 

the preferred structure starts by ?rst temporarily bonding an 
inert carrier substrate to the surface of a completed IC Wafer 
using knoWn loW-temperature bonding methods. The original 
substrate is then removed from the IC layer by grinding, 
polishing, and chemically etching the silicon to expose the 
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underside of the buried oxide layer. An equivalent structure 
can be formed using a “debondable” SOI Wafer to transfer the 
active device layer onto a suitable carrier. Debondable SOI 
Wafers have been described by Tracit, a subsidiary of SOI 
TEC. 

A neutron conversion layer consisting of a loW-tempera 
ture, B lO-doped spin-on dielectric is subsequently deposited 
onto the exposed buried oxide surface at temperatures that do 
not degrade the integrity of the temporary adhesive holding 
the device Wafer to the sacri?cial carrier. A second substrate 
is permanently bonded to the conversion layer either by 
bringing the substrate Wafer in contact With the uncured spin 
on conversion layer, Which acts as an adhesive, or by applying 
a layer of adhesive material to form the bond. The carrier 
Wafer is then removed by breaking the temporary bond expos 
ing the top surface of the device. Openings in the surface can 
then be created (such as by an etching process) to provide 
access to top-side circuit interconnect pads. The device is then 
be cured to increase the strength of the permanent bond, and 
bumps, Wire bonds, or other method of electrical contact can 
be made to the top-side contacts. 

Alternatively, if openings in the top surface are created 
before temporarily bonding the inert carrier, electrical con 
nection can be provided and device functionality can be tested 
before proceeding With subsequent processing steps. After 
etching openings in the surface and forming conductive 
bumps, or another method of electrical connection, the carrier 
can then be temporarily bonded to the surface and the fabri 
cation process is continued as described above. 

In accordance With another embodiment, a method for 
fabricating the preferred structure folloWs similar steps as the 
method according to the ?rst embodiment. Instead of depos 
iting the neutron conversion layer onto the exposed buried 
oxide surface, in this embodiment the neutron conversion 
layer is deposited directly onto the second substrate. A per 
manent bond is then formed betWeen the coated substrate and 
the thin supported device layer by utiliZing the adhesiveness 
of the doped spin-on conversion layer. A second adhesive 
layer could also be placed betWeen the buried oxide surface 
and the coated substrate to form the Wafer-to-Wafer bond. 

FIG. 1 illustrates a passivated device Wafer 100, according 
to a ?rst embodiment of the present invention. The Wafer 100 
may be a completed integrated circuit Wafer, such as one 
containing one or more Static Random Access Memory 
(SRAM) elements and/or other circuitry. The example shoWn 
in FIG. 1 is a SOI device Wafer. 

The Wafer 100 includes a ?rst substrate 102 (i.e. a “handle” 
Wafer) that is preferably bulk silicon. An insulator, such as 
buried oxide (BOX layer) 104 overlies the ?rst substrate 102. 
A device layer 106 overlies the BOX layer 104 and is appro 
priately patterned to provide much of the device functionality 
(e. g. SRAM cell(s)/array(s)). The device layer 106 is prefer 
ably silicon and overlies a silicon-dioxide BOX layer 104, 
Which together serve as the basic SOI structure. An isolation 
layer 108 partially or completely surrounds the sides and 
upper surface(s) of the device layer 106. A passivation layer 
110 overlies the isolation layer 108. As illustrated, a contact 
112 (eg a metalliZation) may provide electrical connectivity 
to the device layer 106 from the passivation layer 112. In 
addition, openings have been etched to provide access to 
top-side contacts 114a-b (shoWn as metalliZations, but could 
comprise metal lines or conductive leads) that couple to the 
device layer 106. Conductive bumps, or another method of 
electrical contact, can be formed on contacts 114a-b at this 
stage, though not shoWn here. Openings can instead be etched 
after the carrier is removed, shoWn in FIG. 8. The general 
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4 
structure of Wafer 100 serves as a starting point in manufac 
turing a neutron detector in accordance With embodiments of 
the present invention. 

FIG. 2 illustrates a structure 200 corresponding to the 
passivated device Wafer 100 at a subsequent state of process 
ing, according to the ?rst embodiment of the present inven 
tion. An adhesion layer 202 temporarily bonds the passivated 
circuit Wafer 100 to a carrier 204, forming a device Wafer With 
a sacri?cial carrier. A Well-known loW-temperature bonding 
process is preferably used Which includes bonding agents 
such as Wax, dissolvable glues, or thermally releasable adhe 
sive tapes. Bonding temperatures should be limited to or 
around 350° C. 

FIG. 3 illustrates a structure 300 corresponding to the 
structure 200 of FIG. 2 at a subsequent stage of processing, 
according to the ?rst embodiment of the present invention. 
The ?rst substrate 102 (the handle Wafer) has been removed. 
Removal may include grinding, polishing, and etching off the 
handle Wafer. Other removal techniques may also be used. 
Alternatively, a “debondable” SOI Wafer could be used to 
isolate the thin device layer 106. Such a debonded SOI Wafer 
Would alloW one to transfer the active device layer onto a 
suitable carrier. Debondable SOI Wafers have been described 
and offered by Tracit, a subsidiary of SOITEC, based in 
Bemin, France. 

FIG. 4 illustrates a structure 400 corresponding to the 
structure 300 of FIG. 3 at a subsequent stage of processing, 
according to the ?rst embodiment of the present invention. A 
neutron detection layer 402 is deposited on the BOX layer 
104, such as opposite the device layer 106. The neutron detec 
tion layer 402 is preferably a boron-doped spin-on dielectric 
layer that converts incident neutrons into charged particles. At 
least some of the charged particles are received at the device 
layer 106 and cause single event upsets (SEUs) that may be 
perceived as bit changes (e. g. in an SRAM in the device layer 
106). The doped spin-on dielectric layer 402 also acts as an 
adhesive layer for the subsequent permanent bonding of a 
neW substrate. In addition to a boron-doped spin-on conver 
sion layer, other types of neutron detection layers, such as the 
ones described in US. Pat. Nos. 6,867,444 and 7,271,389, 
may alternatively be used. 

FIG. 5 illustrates a structure 500 corresponding to the 
structure 400 of FIG. 4 at a subsequent stage of processing, 
according to the ?rst embodiment of the present invention. A 
second substrate 502 is permanently bonded to the conversion 
layer 402. The uncured spin-on conversion layer 402 acts like 
an adhesive to form the Wafer-to -Wafer bond When the second 
substrate 502 is brought into contact With it. An equivalent 
structure can be formed by depositing the doped spin-on 
conversion layer 402 onto a second substrate 502, forming a 
coated substrate, and then bringing the coated substrate into 
contact With the BOX layer 104. 

FIG. 6 illustrates a structure 600 corresponding to the 
structure 400 of FIG. 4 at a subsequent stage of processing, 
according to a second embodiment of the present invention. 
To form the Wafer-to-Wafer bond, a second doped or undoped 
adhesive layer such as an epoxy 602 can be placed betWeen 
the conversion layer 402 and the second substrate 502 before 
the tWo are brought into contact. 

FIG. 7 illustrates a structure 700 corresponding to the 
structure 300 of FIG. 3 at a subsequent stage of processing, 
according to a third embodiment of the present invention. The 
conversion layer 402 is ?rst deposited onto the second sub 
strate 502 forming a coated substrate. Second, a doped or 
undoped adhesive layer 702, such as epoxy, is deposited on 
the BOX layer 104. Third, the coated substrate is brought into 
contact With the adhesive layer 702. In this case, care should 
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be taken to assure that the thickness of the adhesive layer 702 
does not exceed that of about 1 micron so as to not attenuate 

the ?ux of the alpha particles created in the conversion layer. 
Alternative steps can be taken as Well to reach the same end 
structure 700 such as applying the adhesive layer 702 to the 
BOX layer 104, subsequently depositing the conversion layer 
402 to the adhesive layer 702, and bonding the second sub 
strate 502 to the conversion layer 402. Or, the adhesive layer 
702 can be applied to the substrate 502 after it is coated With 
the conversion layer 402. The coated substrate With adhesive 
can then be brought into contact With the BOX layer 402. In 
any method, the temperature at Which the second substrate 
502 is permanently bonded to the structure 300 stays at or 
beloW 350° C. so as to not disturb the temporary bond of the 
carrier 204. 

FIG. 8 illustrates a structure 800 corresponding to the 
structure 500 of FIG. 5 at a subsequent stage of processing, 
according to the ?rst embodiment of the present invention. 
The carrier Wafer is removed by breaking the temporary bond 
betWeen the carrier and the pas sivation layer 1 1 0. Well knoWn 
removal techniques are used including Washing the device 
With an organic solvent, or heating the device above 350° C. 
Heating can be accomplished through infrared radiation or 
another Well knoWn heating method. Once the carrier is 
removed, the structure may be cured to solidify the permanent 
bonds. If not completed already, openings can be etched and 
electrical connection may then be made to the exposed top 
side contacts 114a-b. Though this stage of processing is only 
shoWn corresponding to the structure 500 of FIG. 5, accord 
ing to the ?rst embodiment, it is understood that it could 
correspond to a subsequent stage of processing according to 
the other embodiments as Well. 

FIG. 9 illustrates the structure 800 of FIG. 8 at a subsequent 
stage of processing, according to the ?rst embodiment of the 
present invention. Conductive bumps 902a-b have been 
formed on the top-side contacts 114a-b. The conductive 
bumps 902a-b may comprise gold, nickel, palladium, copper, 
silver, aluminum, tungsten, various alloys, solder, and/ or con 
ductive epoxy, for example. Other conductive materials may 
also be used for the conductive bumps 902a-b. The conduc 
tive bumps 902a-b may be used to make contact With bond 
pads on a circuit board, for example. As shoWn, the conduc 
tive bumps 902a-b preferably protrude beyond the surface of 
the passivation layer 110. The bumps 902a-b could also have 
been formed before the carrier 204 Was temporarily bonded to 
the passivation layer 110. Though this stage of processing is 
only shoWn corresponding to the structure 800 of FIG. 8, 
according to the ?rst embodiment, it is understood that it 
could correspond to a subsequent stage of processing accord 
ing to the other embodiments as Well. 

FIG. 10 illustrates the structure 800 of FIG. 8 at a subse 
quent stage of processing according to another embodiment 
of the present invention. Wire bonds 1002a-b have been 
secured to and placed in electrical contact With the top-side 
contacts 114a-b. The Wire bonds 1002a-b can then be con 
nected as appropriate to other circuitry (such as on a circuit 
board, for example). Such other circuitry could include a 
counting circuit for counting the number of radiation events 
detected by the neutron detection layer 402 and stored by the 
SRAM in the device layer 106, for example. In an alternative 
embodiment, additional packaging could surround the struc 
ture 800 shoWn in FIG. 10, With the Wire bonds 1002a-b 
making direct or indirect contact (eg by connecting to other 
conductive leads associated With the packaging). Though this 
stage of processing is only shoWn corresponding to the struc 
ture 800 of FIG. 8, according to the ?rst embodiment, it is 
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6 
understood that it could correspond to a subsequent stage of 
processing according to the other embodiments as Well. 

FIG. 11 illustrates a method 1100 for fabricating a neutron 
detection structure in accordance With an embodiment of the 
present invention. The method 1100 includes, at block 1102, 
temporarily bonding a carrier to a passivated SOI SRAM 
Wafer. The passivated SOI SRAM Wafer has a device layer, a 
buried oxide layer, and a substrate, such as an insulative 
substrate or semiconductor substrate. In block 1104, the ?rst 
substrate is removed and in block 1106, a conversion layer is 
deposited Where at least a portion of the substrate Was 
removed. In block 1108, a second substrate is permanently 
bonded to the conversion layer and in block 1110 the carrier 
is removed. Inblock 1112, the structure is cured to solidify the 
adhesive layers and in block 1114, at least one method of 
electrical contact is provided to the device layer. 
Removing the ?rst substrate (block 1104) may be per 

formed by grinding, polishing, and/or etching off the sub 
strate (handle Wafer) or it could instead be performed by 
debonding a commercially available debondable SOI Wafer 
(for example, of the kind discussed above from SOITEC). 
Removing the carrier (block 1110) can be achieved by break 
ing the temporary bond (through methods discussed above). 
Curing (block 1112) preferably takes place in the range from 
300° C. to 400° C. The at least one electrical contact (block 
1114) could be a conductive bump attached to top-side con 
tacts or a Wire bond coupled to top-side contacts, for example. 
As described above, in an alternative embodiment, providing 
at least one electrical contact (block 1114) can be moved to 
the beginning and executed as the ?rst step. 

FIG. 12 illustrates a method 1200 for fabricating a neutron 
detection structure in accordance With another embodiment 
of the present invention. The method 1200 includes, at block 
1202, temporarily bonding a carrier to a passivated SOI 
SRAM Wafer, The passivated SOI SRAM Wafer has a device 
layer, a buried oxide layer, and a substrate, such as an insu 
lative substrate or semiconductor substrate. In block 1204, the 
?rst substrate is removed and in block 1206, a conversion 
layer is deposited onto a second substrate to form a coated 
substrate. In block 1208, the coated substrate is permanently 
bonded to the SOI SRAM Wafer Where at least a portion of the 
?rst substrate Was removed. In block 1210 the carrier is 
removed and in block 1212, the structure is cured to solidify 
the adhesive layers. Finally in block 1214, at least one method 
of electrical contact is provided to the device layer. 

Permanently bonding the substrate to the SOI SRAM 
Wafer (block 1208) may comprise providing an adhesive 
layer either directly betWeen the BOX layer 104 and the 
coated substrate or directly betWeen the conversion layer 402 
(after it has been deposited onto the BOX layer 104) and the 
substrate 502. As described above, in an alternative embodi 
ment, providing at least one electrical contact (block 1214) 
can be moved to the beginning and executed as the ?rst step. 
The structure and method set forth above are not limited to 

any particular application described herein. The embodi 
ments illustrated in FIGS. 1-10 are not draWn to scale, but are 
instead intended to effectively illustrate intermediate struc 
ture stages during manufacture of the neutron detection 
device. 

Various arrangements and embodiments in accordance 
With the present invention have been described herein. It Will 
be appreciated, hoWever, that those skilled in the art Will 
understand that changes and modi?cations may be made to 
these arrangements and embodiments as Well as combination 
of the various embodiments Without departing from the true 
scope and spirit of the invention, Which is de?ned by the 
folloWing claims. 



US 7,838,324 B2 
7 

I claim: 
1. A method for fabricating a neutron detection structure, 

the method comprising: 
temporarily bonding a carrier to a passivated silicon-on 

insulator (SOI) Static Random Access Memory 
(SRAM) Wafer, the passivated SOI SRAM Wafer com 
prising a device layer, a buried oxide layer, and a ?rst 
substrate; 

removing the ?rst substrate; 
depositing a conversion layer Where at least a portion of the 

?rst substrate Was removed; 
permanently bonding a second substrate to the conversion 

layer; 
removing the carrier; and 
providing at least one electrical contact to the device layer. 
2. The method of claim 1, further comprising curing the 

structure. 

3. The method of claim 1, Wherein temporarily bonding the 
carrier to the passivated SOI SRAM Wafer comprises using a 
loW temperature adhesive. 

4. The method of claim 1, Wherein the device layer includes 
a Static Random Access Memory (SRAM) device. 

5. The method of claim 1, Wherein removing the ?rst sub 
strate comprises debonding a commercially available deb 
ondable SOI Wafer. 

6. The method of claim 1, Wherein the conversion layer 
comprises a boron doped spin-on dielectric layer. 

7. The method of claim 1, Wherein permanently bonding 
the second substrate comprises placing an adhesive layer 
betWeen the conversion layer and the second substrate Which 
are then placed in contact. 

8. The method of claim 1, Wherein depositing the conver 
sion layer comprises: 

placing an adhesive layer betWeen the buried oxide layer 
and the conversion layer; and adhering the buried oxide 
layer to the conversion layer by pressing. 

9. A method for fabricating a neutron detection structure, 
the method comprising: 

temporarily bonding a carrier to a passivated silicon-on 
insulator (SOI) Static Random Access Memory 
(SRAM) Wafer, the passivated SOI SRAM Wafer com 
prising a device layer, a buried oxide layer, and a ?rst 
substrate; 

removing the ?rst substrate; 
depositing a conversion layer onto a second substrate form 

ing a coated substrate; 
permanently bonding the coated substrate Where at least a 

portion of the ?rst substrate Was removed; 
removing the carrier; and 
providing at least one electrical contact to the device layer. 
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10. The method of claim 9, further comprising curing the 

structure. 

11. The method of claim 9, Wherein temporarily bonding 
the carrier to the passivated SOI SRAM Wafer comprises 
using a loW temperature adhesive. 

12. The method of claim 9, Wherein the device layer 
includes a Static Random Access Memory (SRAM) device. 

13. The method of claim 9, Wherein removing the ?rst 
substrate comprises debonding a commercially available 
debondable SOI Wafer. 

14. The method of claim 9, Wherein the conversion layer 
comprises a boron doped spin-on dielectric layer. 

15. The method of claim 9, Wherein depositing the conver 
sion layer comprises: 

placing an adhesive layer betWeen the conversion layer and 
the second substrate; and adhering the conversion layer 
to the second substrate by pressing. 

16. The method of claim 9, Wherein permanently bonding 
the coated substrate comprises: 

placing an adhesive layer betWeen Where at least a portion 
of the ?rst substrate Was removed and the coated sub 
strate; and adhering the SOI SRAM Wafer and the coated 
substrate by pressing. 

17. A method for fabricating a neutron detection structure, 
the method comprising: 

temporarily bonding a carrier to a passivated silicon-on 
insulator (SOI) Static Random Access Memory 
(SRAM) Wafer, the passivated SOI SRAM Wafer com 
prising a device layer, a buried oxide layer, and a ?rst 
substrate; 

removing the ?rst substrate; 
placing a boron doped spin-on dielectric layer betWeen 

Where at least a portion of the ?rst substrate Was 
removed and a second substrate; 

bringing the SOI SRAM Wafer and the second substrate 
together; 

removing the carrier; and 
providing at least one electrical contact to the device layer. 
18. The method of claim 17, further comprising curing the 

structure. 

19. The method of claim 17, Wherein placing the dielectric 
layer comprises depositing the dielectric layer onto the buried 
oxide layer. 

20. The method of claim 17, Wherein placing the dielectric 
layer comprises depositing the dielectric layer onto the sec 
ond substrate. 


